Caddisflies (Trichoptera) of Southeast Asia are analyzed with special attention to the Sunda Islands to evaluate the zoogeographic effects of island isolation and potential influence from the neighboring continental faunas. Results of recent Trichoptera collections and synopsis of previously published data for the islands of Java, Bali, and Lombok are presented along with their zoogeographical interpretation on the islands as well as on the adjacent regions. A total of 202 Trichoptera species is known to occur on the three islands; 146 species are known in Java, 73 in Bali and 61 in Lombok. 43 species are common to Java and Bali, 27 to Java and Lombok, 30 to Bali and Lombok, 70 to Java and Sumatra. A significant decrease in species richness has been observed in comparison to the Asian mainland. The caddisfly fauna of the three islands is of Asiatic origin, no Australian influence was noted. The well-known Wallace's line does not act as a faunistic border between Bali and Lombok for Trichoptera.
Introduction
Caddisflies (order Trichoptera) have a complicated distribution in the world, with significant species diversity concentrated in Tropical Asia, especially in the Himalayas (Schmid 1970 (Schmid , 1984 Morse 1997; de Moor and Ivanov 2008) . One of the regions of highest faunistic diversity is the area which includes Thailand, Yunnan, northern Myanmar, and northeastern India (Assam, Arunachal Pradesh and surrounding territories). There is a strong decrease of diversity from this region along the Himalayas in a western direction (e.g., Schmid 1970) . This high diversity however does not necessarily mean an evolution center of caddisfly groups. It could be a result of local speciation processes in the relatively young mountains. The great tropical diversity of caddisflies is a subject of recent studies (e.g., Mey 2001; Malicky 2010; Malicky et al. 2011) , although with the rapid environmental deterioration in the tropics many species may not be discovered and become extinct before they can be described. The faunistics and taxonomy of the tropical faunas has its own scientific value. Furthermore, such a species-rich aquatic group as Trichoptera can clarify some problems of general zoogeography. One of these problems, the formation and structure of the great transition zone between Asia and Australia, has not been intensively analyzed for Trichoptera previously. The study of this problem requires data on the species composition and distribution for numerous islands between the southeastern end of Asia and the western shores of Australia and New Guinea, the Malay Archipelago, previously known as East Indian Archipelago, including the Sunda Islands and the Molucca Islands.
The amazing species richness and endemism of the Malay Archipelago exists in one of the most geologically dynamic regions of our planet. The geological history of the Malay Archipelago is very complex (Hall 2009; Van Welzen et al. 2011 ). There were complicated movements of land blocks in the Cenozoic, and most islands in the central Malesian region started to emerge from the sea only some 5 million years ago. Direct use of the geological data to delimit areas in Southeast Asia is difficult because of the climate and sea level changes, which occurred during periods of glaciation.
There are two shallow ocean regions in the western (Sunda Shelf) and eastern (Sahul Shelf) parts of the Malay Archipelago. Past glaciations caused a fall of sea level so that certain vast areas, currently covered by shallow seas, have been parts of continents and have opened migration pathways. The area between Sunda and Sahul Shelves is called Wallacea. When the sea level was lower and the Sunda Shelf was an extension of the Asian continent (Sundaland) and, respectively, the Sahul Shelf connected with Australia, the islands of Wallacea continued to be relatively isolated from the continental land masses. Nevertheless, these islands could have acted as steppingstones for the organisms that were able to cross the narrow straits between them.
A famous boundary dividing the Asian and Australian biotas, Wallace's line, is one of the most disputed topics in biogeography since the end of the XIX century (Camerini 1993) and this concept has been in the focus of intensive discussions during recent decades (de Lattin 1967; Simpson 1977; Van Welzen et al. 2011) . Even though some other lines have been introduced to describe the changing species composition of the Wallacea region including the Philippines, Sulawesi, the Lesser Sunda Islands, and Moluccas ( Fig.1 ), Wallace's line is usually referred to as the major divider between the Oriental and Australian biotas. All proposed boundaries were based on the faunal data, mostly if not exclusively on the distribution of birds and mammals, and only recently some of them have been analyzed by botanists (Van Welzen et al. 2011) . The most crucial point of Wallace's line is situated in a narrow strait between the two islands called Bali and Lombok. They are the westernmost members of the Lesser Sunda Islands archipelago, adjoining to the southeastern boundary of Java, a member of the Greater Sunda Islands.
The knowledge of the caddisflies of the Sunda Islands was poor for a long time. The first representative summary was given by Georg Ulmer (1951 Ulmer ( , 1955 Ulmer ( , 1957 . In this work, the islands of Sumatra, Java, and Bali were considered, with some minor exceptions. It took nearly half a century that more papers, including several extensive studies, were published, e.g. on Sumatra (Malicky 2007) , Java (Malicky 1997 (Malicky , 2002 (Malicky , 2004 (Malicky , 2008 (Malicky , 2009 Chantaramongkol 2000, 2006; Wells and Malicky 1997) , Bali (Malicky 1995 (Malicky , 1997 (Malicky , 2005 (Malicky , 2006 Malicky and Chantaramongkol 2000 , 2006 , 2007 Wells 1993) and Lombok (Malicky 2009; Mey 1998 Mey , 1999 . A survey of the caddisfly fauna of southeastern Asia as a whole was given by Malicky (2010) , and the Australasian relationships of Trichoptera faunas were reviewed by Mey (2001) .
Nevertheless, the caddisflies of the island of Lombok remained practically unknown, and this is still the state of knowledge of the caddisflies of the islands east of Lombok, including the Moluccas. This was the reason for the members of the Department of Entomology of the State University of St. Petersburg to make collections on the islands of Java, Bali, and Lombok in 2008 and 2009. The species which were new for science have been already described elsewhere (Malicky et al. 2011) . This paper presents the complete results of the collections along with some zoogeographic considerations.
Material and methods
Field collection included the well-known methods of light catch by small water-filled UV traps installed close to the water edge, net sweeping during daytime in the riparian vegetation, and hand picking. Only adults were collected; larvae and pupae were left for future investigations. The material is preserved in 70% ethanol and is stored in the collections of the Zoological Institute of the Russian Academy of Sciences in St. Petersburg. Some specimens are in the collection of the first author. Data from the faunistic publications and some material from the Malicky collection have been used for the analysis of zoogeography and species distribution. Results and discussion Table 1 gives the complete list of specimens with data on the sample localities and the distribution outside the studied region. The maps (Figs 2-4) show the position of the localities. In Table 2 a survey is given on genera and families of all Trichoptera identified to species level known from the three islands in comparison to the better studied neighboring regions. Many specimens, mainly females, could not be identified to species. Two species require additional remarks. The types of the microcaddisflies Plethus acutus Ulmer and P. cruciatus Ulmer have been studied by one of us (H. Malicky) in the Hamburg museum. The type material shows no difference between these species hence we omit one of them (P. acutus) in our counts as probable junior synonym. The genus Marilia (Odontoceridae) is insufficiently studied in the region. Two species are known from Java (Table  1) , but have not been collected on Lombok and Bali. The taxonomy of this genus suffers from the absence of good characters for identification. We do not include this family and genus in Table 2 because the count of species in Asian mainland (Thailand and Malaysia) and Sumatra would not provide good results until this genus has been revised. All data on total species counts are considered here as preliminary. Any further collection is expected to provide more species new for science as well as new regional records. The caddisfly faunas of the three islands correspond quite well. It is evident from the Tables 1 and 2 that, according to our present knowledge, the fauna of caddisflies known for the larger and more diverse Java Island is more comparable to faunas of small islands of the Lesser Sunda Archipelago in numbers of species: the total number of species found on Java (146) exceeds the fauna of Bali 2 times (73) and has 2.4 times more species than small Lombok Island (61). The number and proportion of species on Java is probably much greater than this, but the small number is probably caused by a relatively poor exploration of Java compared to the two islands. The species shared by these faunas are counted as 43 species found on both Java and Bali, and 27 found on both Java and Lombok. The similar counts give 30 species occurring on both Bali and Lombok, and 70 on Java and Sumatra. The total number of caddisfly species known on the three islands is 202. However, one could expect that some of these species will also be found later on the adjoining islands in more intensive collection. Hence, the calculation of the similarity of the faunas is left for the future when more data will be available on the fauna of eastern Java and on the species emerging in dry season (May to September) on Lombok.
GLOSSOSOMATIDAE

Glossosoma
Surprises are also possible when species described from far distant regions will be found. For example, Adicella kanake Malicky & Chantaramongkol and Hydroptila rumpun Wells & Huisman found on Lombok were known previously from Sumatra, Peninsular Malaysia and Thailand, but were never collected on Java and Bali. The microcaddisfly Scelotrichia jari Wells & Huisman from Lombok lives on Borneo (or Kalimantan Island on some maps) and Peninsular Malaysia but was not found on Java and Bali. Similarly, Paduniella dendrobia Malicky & Chantaramongkol was described from high altitude of Doi Inthanon in northern Thailand and Phoupanpsyche caroli Malicky was described from the mountains of Laos, but both were later found in the higher elevations of Mount Kinabalu on Borneo, several thousands of kilometers away. There are some instances of species like Hydropsyche renschi Mey and Lepidostoma diehl (Weaver) found on both Lombok and Bali but not on Java Island.
Endemics of generic or even more-inclusive categories may scarcely exist on these islands. The genus Trawaspsyche with the single species T. weilgunii Malicky, which is an extremely derived form in relationship with Tinodes, is known only from Java. Similar cases are Temburongpsyche on Borneo and Padangpsyche and Edidiehlia on Sumatra. Neither an evolution center nor numerous centers can be recognized on the three islands. A relatively high number of Tinodes species may mean a rather active and recent regional speciation process.
Continuous impoverishment of the Asiatic mainland faunas in the direction of the Lesser Sunda Islands is obvious (Table 2 ). In Thailand, over 1000 species are presently known (Chantaramongkol et al. 2010) ; in Sumatra, an island of about the same size, there are about 350 species. In Java we know 146, in Bali 73, and in Lombok 61 species (Malicky 2010 and this paper) . Besides the decrease of the total number of species towards the southeast, one can see a notable decrease in the number gion, Lombok and surrounding islands are also separated (Van Welzen et al. 2011) . It is obvious that there is not an absolute border and the division is rather based on the deep sea waters between Bali and Lombok which remained deep even during the Pleistocene glaciations when the sea level was much lower (de Lattin 1967; Bănărescu 1995) . Our data clearly show that there is no faunal gap between Bali and Lombok, as the faunas of these two islands are more or less the same (Tables 1, 2 ). Some families of Trichoptera have specific distribution patterns including both Asia and Australia (Mey 2001) , and the northern part of Australia is faunistically similar to Asia (de Moor and Ivanov 2008) . Some families of Asian origin migrated to Australia in the past and the Sunda Islands were probably the bridge for this migration.
Which Trichoptera species or groups may be considered to be the elements of Asiatic or Australian origin? Many families and genera have wide areas in the region, overlapping the borders of the continents (Chimarra, Hydropsyche, Cheumatopsyche, Oecetis). Some groups are important members of the Asiatic fauna, though they may be represented by very few species in Australia or New Guinea (Agapetus, Tinodes). On the other hand, very few groups typical for the Australian fauna are present in Asia, and the species numbers are low in each of these instances. The Australian Trichoptera have been studied for a long time with comprehensive data summarized by Neboiss (1986) . Hydrobiosidae, a family rich in genera and species in Australia, is represented in Asia only by the genus Apsilochorema of which one species goes as far west as Iran, and relatively few species live on the mainland and on Sumatra and Borneo; none of them were found of genera or families, e.g., Macronematinae, and Odontoceridae. The example of Macronematinae is especially remarkable because these strong flyers are present in New Guinea and Australia.
Collecting intensity plays a major role in the knowledge of a fauna. Of Thailand and (northern) Sumatra it is well known, of Western Java and Bali it is relatively well known, too. For Lombok, the results of the first visit are being presented here. Our experience shows that the first intensive collections in an unknown area may yield about 75% unknown species, followed by the second visit results constituting about 20%, while later the percentage of the new species decreases dramatically. We conclude that each of Bali and Lombok may have less than 100 species in total. Such a dramatic decrease of the species numbers from the continent to the islands is not a result of poor collections. Instead it is caused by the island impoverishment and remote position from the continent. The number of caddisfly species in an area of similar size in Thailand is three times larger than in Sumatra. Supposed extreme faunal richness of rainforests does not apply to the aquatic insects, like caddisflies, of this region. To compare with extratropical Central and Southern Europe: about 300 (Austria, Switzerland, Germany, European Russia) to 400 species (Italy, Turkey) are known from these countries.
The well-known Wallace's line which runs between Borneo and Bali on one side and Sulawesi and Lombok on the other side (Fig. 1) separates the Asiatic fauna from a mixed area. The latter is bounded from the East by the Lydekker line which runs between the Moluccas on one side and Australia and New Guinea on the other side. This means that Lombok belongs, according to this hypothesis, to the mixed area. According to the floras of this re-from Java to Lombok. The distribution of Hydrobiosidae emphasizes the separation of the Australian faunas from those of New Guinea and the Malay Archipelago. The Hydrobiosidae of New Guinea are represented by only 2 genera, Apsilochorema and related Tanorus, with 10 and 12 species, respectively. This family has numerous genera and species in Australia (62 sp.) and New Zealand (104 sp.), widespread in their non-tropical areas, and only 4 species of Apsilochorema are known from tropical northeast mountain ranges. The family Hydrobiosidae is known from the Mesozoic Taimyr ambers and the fossil beds of Transbaikalia and Mongolia (Botosaneanu and Wichard 1983; Ivanov and Sukatsheva 2002) . Thus the presence of this family mostly on the south continents is a result of secondary proliferation of relics extinct in other regions (Eskov 1984) . Similarly, the subfamily Triplectidinae is represented in the Eocene ambers of Europe (Ulmer 1912; Melnitsky and Ivanov 2010 ) by a few species related to the extant South Asian members of this subfamily. They are secondarily speciated in Australia though in Asia they are represented by only a few species of Triplectides and Symphitoneuria on the islands of Sumba, Sulawesi and Borneo, including one widespread species, found as far west as Pakistan and occurring also on Java, Bali and Lombok. Both groups, Hydrobiosidae and Triplectides, are incorrectly supposed to be of Gondwanian origin by Bănărescu (1990) ; this hypothesis is based on the recent (Holocene) faunistic data on their distribution and neglects the contradicting fossil data. Indeed the Baltic and Rovno Amber (Paleogene) and Taimyr Amber (Cretaceous) faunas were formed in times when no direct connection to Gondwana existed; the long lost links of Europe to the southern continents had been reestablished only in Oligocene after the times of amber deposition (Blakey 2008) . Hence the fossil evidence from these ambers disproves the southern origin of the taxa in question. Thus it is self-evident that the caddisfly fauna of the western Sunda Islands including Lombok is predominantly of Asiatic origin, and influences from the Australian fauna were not found.
It is of highest zoogeographical interest to collect representative samples from the other Sunda Islands east of Lombok, and from the Moluccas. One may wonder that no such material is available in museums despite the intensive collecting activity of many other entomologists. The results of the faunal studies in Wallacea are also of high conservation importance. They can be used to steer both current and future efforts that try to preserve endemic flora and fauna of this uniquely diverse part of the biosphere.
Conclusions
The caddisfly fauna of the islands of Java, Bali and Lombok is largely homogenous, and there is no gap or border between Bali and Lombok which would be expected from the hypothesis of Wallace's line. A continuous impoverishment of the caddisfly fauna from the Asiatic continent over the chain of islands is striking. This gradual impoverishment is observed in species number as well as in the numbers of genera or families. The Trichoptera fauna of the three islands is entirely Asiatic. There is no influence from the Australian fauna. The caddisflies of the Sunda Islands east of Lombok as well as those of the Moluccas are unknown, and their study is much required.
